Cancer is known to be a fierce disease that causes a large percentage of the deaths worldwide. The common cancer treatments; chemotherapy, radiotherapy and surgery are known for their severe side effects; therefore scientists are working on finding solutions to reduce these drawbacks. One of these treatment systems is the sustained released drugs formulations, these systems depend on the encapsulation of the chemotherapy within an emulsifying agent, in order to obtain a slow drug release of low doses over long time intervals. In this study, the anti-cancer effects of free and encapsulated sinapic acid was tested against lung (A549), and colon (CaCo2) cancer cell lines, along with normal fibroblast cells (HFB4) as a negative control. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was performed for IC 50 evaluation, also cell cycle assay was performed to detect cell cycle arrest status and related anti-apoptotic and pro-apoptotic; Blc-2, BAX, and P53 gene profile fold changes post cellular treatment. Data recorded revealed that encapsulated SA showed a lower toxicity than the free form to both cell lines and also to the normal cells. The cell cycle analysis showed a cell cycle arrest at the G2/M phase post cell treatment with the free and encapsulated sinapic acid accompanied with up regulation of Bax and P53 and a down regulation of Blc-2 genes in both cell lines. The data suggest a promising anti-cancer and anti-proliferative potential of free and encapsulated sinapic acid. Also they show that the anti-cancer effect of free and encapsulated sinapic acid is quite close. which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
Introduction
The American cancer society estimated that 1,685,210 new cancer cases and 595,690 cancer deaths were expected to occur in the United States in 2016 [1] . In Egypt a study was carried out on bases of national cancer registry program to determine the rate of cancer incidences taking place in Egypt and to see how the disease will develop by reaching 2050; the collected data from medical records of cancer centers, national tertiary care institutions, health insurance organizations, government-subsidized treatment program, and death records, showed that liver cancer (23.8%) is very common and is considered a really serious problem in Egypt, followed by breast (15.4%) and bladder cancers (6.9%) per 100,000 individuals [2] . The most common treatment for cancer is chemotherapy combined with radiation or surgery. However, chemotherapy is known for its crucial side effects that have a psychological, physical and economic impact on the patient's life; as chemotherapy leads to hair loss, fatigue, vomiting, and in prolonged periods of treatments, it leads to heart, liver and kidney damages and malfunctions; all these physical collisions affect the patient's emotional and psychological state. In addition to these negative side effects, chemotherapy is given to patients in very large doses, on the one hand these large amounts of drug contribute to the occurrence of these negative effects, while on the other hand, it influences the patient's economic situation as chemotherapeutic drugs are very expensive [3] . Sinapic acid (SA, Scheme 1) is a member in the family of hydroxycinnamic acid derivatives; it has 3, 5-dimethoxyl and 4-hydroxyl substitutions in the phenyl group of cinnamic acid. SA is widespread in the plant kingdom and commonly extracted from fruits, vegetables and grains such as rye and American cranberry. This acid has been known for its anti-oxidative, anxiolytic, anti-microbial effects, also it was investigated for its inflammatory effect; and it was proven that SA obtains its anti-inflammatory effect from the inhibition of NF-kB activation in macrophages which results in the prevention of iNOS, COX-2 and pro-inflammatory cytokines, in addition, it has shown an anti-edema effect [4] . Moreover, SA shows an anti-cancer potential; since 4-vinylsyringol, which is a de-carboxylation product of SA, has the ability to suppress carcinogenesis and induce inflammatory cytokines [5] . These side effects of chemotherapy resulting from the drug effects itself in addition to the drug administration in large dosage led scientists to think of solutions in order to reduce these adverse effects. One of these solutions is the encapsulation of the chemotherapeutic drug in non-ionic surfactant capsules such as polysorbate 20, in order to develop an extended and gradual release drug delivery system, therefore the drug would last for a prolonged period in the biological system after drug administration, so the body will be able to utilize the up taken drug and the patient will not be obliged to take the same large amounts of the drug which hopefully will reduce the adverse effects of chemotherapy. Polysorbates mainly consist of fatty acid esters of polyethoxy sorbitan and are commercialized under many names such as Tween and Monitan. They are used as emulsifiers, defoamers, dispersants, and stabilizers in food, cosmetics, and biodegradation media. Tween 20 is formed by the ethoxylation of sorbitan before the addition of lauric acid, it is usually used as an emulsifier in pharmaceutical applications [6] . This research study aims to investigate the anti-proliferative and anti-cancer potentials of free and nano-capsulated SA against colon and lung cancer cells and to observe their effect on cell cycle and the related apoptotic gene profiles.
Materials and methods

Cell lines, chemicals, and materials
Human colorectal carcinoma CaCo2 was obtained from the American Type Culture Collection (ATCC HTB-37 ™ , ATCC, Manassas, VA) and Human lung carcinoma A549 cell line was obtained from the Leibniz Institute DSMZ-German Collection of Microorganisms and Cell Cultures (Braunschweig, Germany). Human normal fibroblast cells (HFB4) were purchased from the American Type Culture Collection (Rockville, Maryland, USA). All the chemicals, materials, and organic solvents used in this work were of analytical reagent grade and were used without further purifications Free and Tween 20 encapsulated SA, were kindly supplied from cell culture department (VACSERA-Egypt). SA was kindly supplied by (Sigma-Aldrich, USA). It was diluted in Dimethyl sulfoxide (DMSO) (Sigma-Aldrich, UK). SA was diluted in serum and phenol red-free medium to obtain 1 mM final concentration. Nano capsulation of SA was performed in the nanotech center 6th October city-Giza-Egypt according to the manufacturer protocol.
MTT assay
Human colorectal (CaCo2) and lung (A549) cancer cells and normal human fibroblast (HFB4) cells were propagated in 75 cm 2 cell culture flasks using RPMI-1640 medium and DMEM MEDIA purchased from Gibco, Life Technologies (Paisley, United Kingdom), respectively supplemented with 10% (v/v) fetal bovine serum (GIBCO ™ , New York, USA) and incubated in 5% (v/v) CO 2 incubator at 37 °C. Confluent cells were detached using 0.25% (w/v) trypsin solution and 0.05% (v/v) EDTA (GIBCO ™ , New York, USA) for 5 min. Detached cells were cold centrifuged using Jouan ki22 Refrigerated Centrifuge (LABEQUIP LTD, France). Cell pellets were re-suspended in growth medium. Cells were plated at a concentration of 2 × 10 5 cells/ml in 96-well cell culture plates (TPP, Switzerland), the plates were incubated at 37 °C for 24 in an incubator (Mini Artic, Jouan, France) to achieve confluence. The medium was decanted and fresh medium containing various concentrations of free and encapsulated SA was added for cytotoxicity assessment using colorimetric MTT assay. Dead cells were washed out using phosphate-buffered-saline (PBS) and 50 μl of MTT obtained from SERVA, Germany. Stock solution (0.5 mg/ml) was added to each well. After 4 h incubation, the supernatants were discarded and the Formosan crystals were solubilized using 50 μl per well of dimethyl sulfoxide (DMSO). Plates were incubated in the dark Scheme 1 Molecular structure of a sinapic acid and b its computer generated model for 30 min at 37 °C and absorbance was determined at a wavelength of 570 nm using a micro plate reader Elx-800 (Biotek, USA). Cell viability percentage was calculated using the following formula: Cell viability (%) = OD of treated wells × 100/OD of control wells. The cell viability % was plotted against the tested acid concentrations. The IC 50 values of test free and encapsulated SA were determined using the Masterplex-2010 software program. The effect of SA as an anticancer agent was examined by evaluating the cytotoxic potential of the free and encapsulated acid in CaCo2 and A549 cells pretreated for 1 day with serially diluted SA both free and nano-capsulated. Morphological alterations of cells were analyzed using an inverted microscope (Nikon, Japan).
Cell cycle analysis
CaCo2 and A549 cells pre-cultured in 25 cm 2 surface area cell culture flasks (TPP, Switzerland) were treated with the IC 50 values of free and nano-capsulated SA, for 24 h. For cell cycle analysis, the detached and residual live cells were harvested and fixed gently with 70% (v/v) methanol (Sigma-Aldrich, UK). and kept at 4 °C. Cells were re-suspended in PBS containing 40 μg/ml PI and 0.1 mg/ml RNase and 0.1% (v/v) Triton X-100 purchased from Sigma-Aldrich, UK, in a dark room. After 30 min at 37 °C, the cells were analyzed using a flow-cytometer (Becton-Dickinson, San Jose, CA, USA) equipped with an argon ion laser at a wavelength of 488 nm. The cell cycle and sub-G1 group were determined and analyzed, as described previously.
mRNA expression of cell apoptosis-related genes
Total RNA was extracted from control and CaCo2 and A549 FSA/Nanocapsulated SA treated cells using a Gene JET RNA Purification kit (Fermantus, UK) according to the manufacturer's protocol. The concentration and integrity of RNA were assessed spectrophotometrically at 260/280 nm ratio and by gel electrophoresis, respectively. First-strand cDNA was synthesized with 1 μg of total RNA using a Quantitate Reverse Transcription Kit (Qiagen, Germany) in accordance with the manufacturer's instructions. These samples were subsequently frozen at − 80 °C until use for determination of the expression levels of P53, Bax and Bcl-2 genes using real-time PCR. Quantitative real-time PCR was performed on a Rotor-Gene Q cycler (Qiagen, Germany) using a QuantiTect SYBR Green PCR kits (Qiagen, Germany) and forward and reverse primers for each gene. The nucleic acid sequences of the primers were as follows: P53 (F 5′-CCC CTC CTG GCC CCT GTC ATC TTC -3′, R 5′-GCA GCG CCT CAC AAC CTC CGT CAT -3′.), Bax (F 5′-GTT TCA TCC AGG ATC GAG CAG-3′, R 5′-CAT CTT CTT CCA GAT GGT GA-3′) and anti-apoptotic gene Bcl-2 (F 5′-CCT GTG GAT GAC TGA GTA CC-3′, R 5′-GAG ACA GCC AGG AGA AAT CA-3′) compared to the house keeping gene β-actin as a control (F 5′-GTG ACA TCC ACA CCC AGA GG-3′, R 5′-ACA GGA TGT CAA AAC TGC CC-3′). Real-time PCR mixture consisted of 12.5 μl 2x SYBR Green PCR Master Mix, 1 μl of each primer (10 µmol/μl), 2 μl cDNA and 8.5 μl Rnase-free water in a total volume of 25 μl. Amplification conditions and cycle counts were: 95 °C for 15 min for the initial activation, followed by 40 cycles of denaturation at 94 °C for 15 s, annealing at 60 °C for 30 s and extension at 72 °C for 30 s. Melting curves were performed after real-time PCR to demonstrate the specific amplification of single products of interest. A standard curve assay was performed to determine the amplification efficiency of the primers used. Expression of target genes (P53, Bax and Bcl-2) were accomplished using the comparative 2 −ΔΔ Ct method with the β-actin gene as a house keeping gene to normalize the level of target gene expression. ΔΔ Ct is the difference between the mean Δ Ct (treatment group) and mean Δ Ct (control group), where Δ Ct is the difference between the mean Ct gene of interest and the mean Ct internal control gene in each sample. Logarithmic transformation was performed on fold change values before being statistically analyzed, using the fold change values of three replicates for each gene.
Statistical analysis
All experiments were carried out in three independent tests. Data were expressed as mean standard deviation (SD) and analyzed using one-way analysis of variance (ANOVA). Significance difference between treated and untreated cells was determined using one way ANOVA. The results were considered statistically significant at probability (P < 0.05).
Results
The recorded data revealed that the bioactivity of free and encapsulated SA are quite close, so it will be advantageous to use the encapsulated SA for cancer treatment in order to reduce any possible side effects and to minimize the drug up-take ( Fig. 1) . In this study, the recorded data showed that free and encapsulated SA were biocompatible to the three tested cell lines. Also data revealed that the cytotoxic effect and related IC 50 values of both free and encapsulated SA were concentration and cell type dependent ( Figs. 1 and 2) . The gene profile was relevant to the effect of drug in its free or nano-capsulated form as Bax gene showed significant 5.2/4.7-fold increase for A549 and 2.9/3.9-fold increase for CaCo2. Also, P53 gene profile showed an elevated expression translated as 11.19/6.6-fold increase for A549 and 5.58/2.42-fold increase for CaCo2. While Bcl-2 as anti-apoptotic gene showed 0.47/0.3-fold decrease for A549, 0.84/0.22-fold decrease for CaCo2 (Fig. 3 ). In the meantime, cell cycle analysis showed a cell cycle arrest at the G2/M phase post cellular treatment with free and encapsulated SA. A549 and CaCo2 showed a significant cellular arrest in the G2/M phase (P < 0.05) while an insignificant % of arrested cells was detected in case of A549 cell line treated with free SA (P > 0.05). Also, this cell arresting was accompanied with cell apoptosis in a significant ratio compared with that induced in cell control (P < 0.05). Data recorded revealed that nano-capsulated SA showed a substantial apoptotic % than the non-capsulated form (Figs. 4, 5, 6,  7) .
Apoptosis of FSA/NSA treated cells was traced via monitoring of apoptotic genes profile as it was noticed that proapoptotic genes (P53-Bax) were significantly up-regulated in case of cell treatment with both free and nano-capsulated SA compared with control and their expression was cell type dependent as it was elevated in case of A549 than in CaCo2 in an insignificant way (P < 0.05). In the meantime, caspase gene was significantly up regulated post different treatment compared with its values in untreated cell control. Concurrently Casp-3 was significantly (P > 0.05) elevated than its values in CaCo2 cells treated with FSA/NSA but not in case of NSA/A549. Also, anti-apoptotic gene eMMP1 was significantly (P < 0.05) elevated in case of cell treatment with FSA/A549, NSA/A549, FSA/CaCo2 than NSA/CaCo2. Finally, Bcl-2 gene was significantly up regulated in case if CaCo2 cells treated with FSA than in case of NSA. The opposite was detected in case of A549 cells treated with both free and nano-capsulated SA. Apoptotic profile of both lung and colon cancer cell lines were traced. Data recorded revealed that pro-apoptotic genes P53 and Bax were significantly up regulated (P < 0.05) compared with its value in control untreated cells. Up regulation of P53 was significantly up regulated in FSA treated A549 cell than the rest of test groups (P < 0.05). caspase-3 gene in both FSA and NSA treated cells was insignificantly elevated between the treated free and nanocapsulated A549 and CaCo2 cells than in case of cell control and between the test groups for each cell line (P > 0.05). Also, Bcl-2 showed an insignificant (P > 0.05) down regulation than in case of NSA/CaCo2 treated cells, while MMP1 was (Fig. 3 ). Evaluation of ROS as antioxidant was determined using ELISA; Recorded data revealed that ROS was elevated under the effect of nano-capsulated SA than in case of free one and its level was cell type dependent. The level was not significantly elevated in both formulae of SA in both cell lines (Fig. 7) .
Discussions
Cancer initiation and progression is linked to the immune system as well as to genes that are responsible for controlling the cell cycle. The relation between cancer development and immune cells have taken interest by researches which studied the SA's anti-proliferative potential over the past years; specially its effect on the role of macrophages in cancer development; since they have been reported to acquire an important role in cancer initiation and progression. During tumor initiation, they create an inflammatory environment that is mutagenic and promotes tumor growth. Macrophages stimulate angiogenesis which favors the development of cancer; as the angiogenesis enhances tumor cell migration, invasion, and metastasis and suppresses anti-tumor immunity. Also they promote cancer cells extravasations, survival and subsequent growth [7] . The nuclear factorkappa B (NF-κB) in macrophages plays the main role in immune responses and inflammatory status regulations, yet the improper regulation of NF-κB has been linked to cancer occurrence [8] . The studies done by Yun and others in 2008 showed that SA suppresses the expression of pro-inflammatory mediators such as inducible nitric oxide syntheses, cyclooxygenase-2, tumor necrosis factor-α, and interleukin-1β through the inactivation of NF-κB. These anti-inflammatory effects of SA were linked to its anti-cancer effect. Upon the investigation of the anti-cancer effect of SA, the results showed that it exerts an inhibitory effect against cancerous colon cells, however it had a low impact on breast cancer cells. This study was in agreement with our results despite the use of different cell lines and gene profile [9] . Regarding the anti-proliferative potential and related IC 50 value of SA to cancer cell lines [10] , as they reported that the antiproliferative effect of SA along with other phenolic acids were tested on T47D breast cancer cell line using apoptosis and RT-PCR assays, and the results indicated that SA decreased the proliferation rate by 20% with an IC 50 of 7 × 10 −11 M. However, in the published research [11] , results of testing SA on MK-1, HeLa and B16F10 showed that the acid was inactive against the three cancer cell lines (GI 50 > 100 µg/ml) and it was suggested that the presence of 3, 4-dihydroxyphenyl group is essential for SA to acquire an anti-proliferative effect. In a study done previously [12] they tested the apoptotic effect of SA on human laryngeal carcinoma cell line (HEp-2). The cytotoxicity of SA was determined by MTT assay, morphological changes, and levels of reactive oxygen species, mitochondrial membrane potential and cell cycle analysis by flow cytometry. They determined the effective dose of SA to be 125.23 µM/ml for 24 h and 117.81 µM/ml for 48 h and the MTT results showed that the cytotoxicity of SA is dose and time dependent. Also their results showed an increased level in ROS in HEp-2 cells treated with IC 50 concentration, Also, the IC 50 of free SA and nano-SA was cell type dependent and the nano-from showed insignificant variation on both A549 and CaCo2 cells and the free form was more effective than the capsulated form. On contrary it was reported that normal skin cell (HFB4) can withstand more than cancer cells. And it is known that elevated levels of ROS cause oxidative stress leading to cellular damage and the activations of the mitochondria dependent pathway of apoptosis; and this is the mechanism on which many cancer drugs are based. In addition, The results of the flow cytometry showed an early cell cycle arrest at G0/G1 phase in the treated cells as most anti-cancer drugs induce a cell cycle arrest at G0/G1 or G2/M phases. The recent findings [12] were in agreement to our results which suggest that the effect of both free and capsulated SA is concentration, cell type and time dependent; and that both free and encapsulated SA have almost the same effects in vitro. Also they showed an elevation in the expression of the pro-apoptotic genes Bax and P53 in both tested cell line CaCo2 and A549, while a down regulation in the anti-apoptotic gene Bcl-2 was noticed, as well as a noteworthy cell cycle arrest at G2/M was observed post treatment with free and capsulated SA in both cell lines. In another study [13] , they discussed the HDAC (Histone deacetylase) inhibitory and anti-proliferative effect of sinapic acid, was found that the HDAC inhibition was feebly accomplished by SA due to its hydrophobicity, however it was shown that SA acquired an efficient anti-proliferative effect against HeLa and HT29 cell lines, although it was not sufficient as a single drug therapy, they suggested that this insufficient anti-proliferative effect may be caused by the anti-oxidants present in plant extracts and that the incorporation of SA with other anti-cancer drugs needs to be investigated. The outcomes of our study along with the conclusions and results of previous researches that were carried out to test the anti-cancer and anti-inflammatory potential of SA, suggest that SA has a great potential as a cancer therapy/enhancer whether capsulated, free or accompanied with other anti-cancer drugs. However, its adverse effects on biological systems need further studies and experimentations in vivo, in order to decide whether it is better to use free or encapsulated SA and to know if they both would give the same effect in vivo as in vitro. Most of CaCo2, A549 and HFB4 cells cell control showed almost rounded, hyperchromatic nuclei and the cellular outline were almost regular without evidence of any folding. Only a few cells among control cells showed cellular and nuclear pleomorphism (Fig. 8 ). After 24 h post treatment with IC 50 concentration of either free or nano capsulated SA showed the presence of apoptotic morphological changes was common including peripheral chromatin condensation, nucleolar segregation and irregular cell membrane ( Fig. 9a-c) . A number of apoptotic features such as nuclear fragmentation, apoptotic body that contains organelles were seen (Fig. 9b ). Also some CaCo2 and A549 cells showed necrotic morphological changes such as cytoplasmic and nuclear swelling, clumping of the heterochromatin admixed with euchromatin, membrane blebbing that contain no organelles and ruptured cell membrane (Fig. 9d, e ). In addition to the presence of cells indicating both necrotic and apoptotic features such as nuclear fragmentation and cytoplasmic swelling in the same cell (secondary necrosis) ( Fig. 9f ), some cells appear as apoptotic cell with irregular cellular outline and other showing apoptotic bodies that contains organelles ( Fig. 9e ).
Abbreviations A549: adenocarcinomic human alveolar basal epithelial cells; CaCo2: continuous line of heterogeneous human epithelial colorectal adenocarcinoma cells; HFB4: human normal fibroblast cells; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide Assay; IC 50 : half maximal inhibitory concentration; NF-kB: nuclear factor kappa light chain enhancer of activated B cells; iNOS: inducible nitric oxide synthase gene; COX-2: cyclooxygenase-2; Blc-2: B-cell lymphoma 2; BAX: BCL2-associated X protein; P53: phospho tumor protein gene; DMSO: dimethyl sulfoxide; EDTA: ethylenediaminetetraacetic acid; PBS: phosphate-buffered saline; OD: optical density; RNA: ribonucleic acid; mRNA: messenger RNA; cDNA: complementary deoxyribonucleic acid; RNase: ribonuclease; PCR: polymerase chain reaction; SD: standard deviation; SA: sinapic acid; FSA: free sinapic acid; NSA: nano-capsulated sinapic acid; DMEM: Dulbecco modified eagle's medium; RPMI 1640: Roswell park memorial institute 1640 medium; NT: non treated.
